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Abstract—Integrating unmanned aerial vehicles (UAV) to non-
orthogonal multiple access (NOMA) visible light communications
(VLC) exposes many potentials over VLC and NOMA-VLC
systems. In this circumstance, user grouping is of importance
to reduce the NOMA decoding complexity when the number of
users is large; however, this issue has not been considered in the
existing study. In this paper, we aim to maximize the weighted
sum-rate of all the users by jointly optimizing UAV placement,
user grouping, and power allocation in downlink NOMA-VLC
systems. We first consider an efficient user clustering strategy,
then apply a swarm intelligence approach, namely Harris Hawk
Optimization (HHO), to solve the joint UAV placement and power
allocation problem. Simulation results show outperformance of
the proposed algorithm in comparison with four alternatives:
OMA, NOMA without pairing, NOMA-VLC with fixed UAV
placement, and random user clustering.
Index Terms—Harris Hawk Optimization, Non-Orthogonal
Multiple Access, Unmanned Aerial Vehicles, User Grouping,
Visible Light Communications, Swarm Intelligence.
I. INTRODUCTION
Due to the exponential growth of mobile devices and
the flexibility requirement of many new applications, it is
necessary for 5G and beyond networks (B5G) to support
high data rates and massive connectivity. In this context,
unmanned aerial vehicles (UAV), and non-orthogonal multiple
access (NOMA), and visible light communications (VLC) are
considered as key technologies in B5G [1], [2]. UAV has
found many applications for wireless and communications,
e.g., aerial base station and computing server, UAV-assisted in-
formation dissemination, and UAV-enabled wireless backhaul.
The attractive features of UAV are high mobility, flexibility,
and provision of line-of-sight (LoS) connections. NOMA, as
indicated by the name, is able to support the simultaneous
transmission of multiple users using the same resource blocks
[3]. In power-domain NOMA, different power values are
assigned to different users, whereas successive interference
cancellation (SIC) is performed at the receiver side. Besides
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UAV and NOMA, VLC has been recently utilized in B5G as
a key enabler of many applications and services, e.g., indoor
tracking and localization, Internet of Things (IoT), and vehic-
ular communications. Main advantages of VLC are security,
easy installation, high data rate, low power consumption, and
immunity to electromagnetic interference [4].
Integrating NOMA to UAV and VLC systems has inves-
tigated in many existing works. As the very first study on
NOMA-VLC, the authors in [4] showed a good interplay
between NOMA and VLC, for example, high signal-to-noise
ratio (SNR), almost stable channels, and high data rate for
users. To ensure fairness among users, the work [5] considered
optimizing power allocation of the light emitting diode (LED)
to maximize the sum logarithmic data rate in a downlink
NOMA-VLC system. The studies in [6] and [7] showed that
the power allocation schemes with NOMA are superior to
those with orthogonal multiple access (OMA) in terms of
spectral efficiency. In [8], a successive convex approximation
(SCA) algorithm was proposed to solve the max-min rate
problem via jointly optimizing bandwidth partitioning, power
allocation, UAV altitude, and antenna beamwidth. The work
in [9] proposed a NOMA random access scheme for uplink
UAV communications, and showed that the proposed scheme
outperforms the original slotted ALOHA. A joint UAV loca-
tion and user association was considered in [10] to minimize
the total power consumption.
Except for our recent work in [11], we are not aware of any
literature focusing on exploiting potentials of UAVs to further
improve NOMA-VLC systems. In [11], we elaborated that the
integration of UAV and NOMA into VLC is very promising
for the following reasons. First, a UAV-assisted NOMA-VLC
system can not only provide illumination but also communica-
tion services for multiple users simultaneously, thus enabling
massive and ubiquitous connectivity for IoT applications in
B5G. Second, although the energy efficiency of UAVs can be
addressed well through energy harvesting and wireless power
transfer, it can be further improved when UAVs with VLC
capabilities are utilized for communications rather than UAVs
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with radio frequency (RF) resources. Third, LoS connections
and quality of services (QoS) of users in VLC can be
guaranteed and improved by UAVs thanks to the features of
high mobility and flexibility. Next, several testbed experiments
have been carried out to verify the practicability of UAVs in
VLCs [12]. Finally, the simulation results showed that the
proposed algorithm for UAV-assisted NOMA-VLC performs
much better than OMA and fixed-position (i.e., the position
of the LED is fixed and not adjustable) schemes.
Notwithstanding promising results, there is still a challenge
that remains unsolved in our previous work [11]. As SIC is
performed, each user needs to decode and remove signals of
weaker users (i.e., users with worse channel conditions), and
in the worst case, the strongest user needs to decode signals of
all the other users. Hence, the complexity of employing SIC
techniques increases with the number of users, so it is not
suitable for scenarios, where a large number of users need to
be supported. In this case, user grouping (also known as user
clustering and user pairing in the literature) is of vital impor-
tance to reduce the computational complexity of NOMA-VLC
systems. In this work, we solve this issue by studying a joint
optimization problem of UAV placement, user grouping, and
power allocation, so as to maximize the weighted sum-rate
of all the users. In a nutshell, the contributions and features
offered by our work can be summarized as follows.
• This work is the first attempt to consider joint UAV place-
ment, user grouping, and power allocation for NOMA-
VLC systems. In Section II, an optimization problem
is formulated to maximize the weighted sum-rate of all
the users subject to constraints on QoS requirements
of users, non-negativity of the transmitted signal, peak
optical intensity, and efficient SIC operations.
• This work applies an efficient user grouping strategy. In
particular, users are divided into two sets: near-by and
far users, which are sorted out in an ascending sequence.
Then, a near-by user (nUser) is paired with a far user
(fUser) to make a group and to share an orthogonal
bandwidth resource (Section III).
• We propose using a swarm intelligence approach, namely
Harris Hawk Optimization (HHO), to solve the joint UAV
placement and power allocation problem. It has been
shown in our previous work, the HHO algorithm can
achieve very competitive performance (Section III).
• In Section IV, the proposed algorithm is then compared
with the conventional OMA scheme, NOMA without
pairing, NOMA-VLC with fixed UAV altitude, and ran-
dom user grouping. The proposed algorithm outperforms
these alternative schemes in terms of weighted sum-
rate. Further, simulation results show the need for user
clustering and its joint problem with UAV placement and
power allocation in UAV-assisted NOMA-VLC systems.
II. NETWORK SETTING AND PROBLEM FORMULATION
A. Network Setting
We consider a NOMA-VLC system, as shown in Fig. 1.
A UAV is equipped with one LED transmitter (i.e., aerial
h
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Fig. 1. Illustration of a VLC network with UAV and NOMA.
LAP transmitter/access point (LAP)) to serve N users, whose
positions are randomly created under the coverage area of the
aerial LAP transmitter. We note that rotary-wing UAVs have
the ability to hover, whereas fixed-wing UAVs need to move
forward to remain aloft. In this work, we consider the first
type and will study the latter in our future works. The set of
users is denoted by N = {1, . . . , N}.
This work considers power-domain NOMA, which enables
the superposition of signals at the transmitter side, so the aerial
LAP can serve multiple users simultaneously using the same
time-frequency resource. At the receiver side, users perform
SCI to decode and remove messages transmitted for weaker
users. We suppose that M users are selected for making a
group, say k-th group, and their channel gains are ordered in
an ascending order (h1k < · · · < hMk), i.e., the first and last
users are considered as the weakest user and strongest user,
respectively. In case M = 2, there are two users, including
a weak user and a strong user. According [11], [13], the
achievable rate of the i-th user in k-th group (Uik) can be
given as
Rik = log2
(
1 +
hikpik
n0 + hik
∑M
j=i+1 pjk
)
, (1)
where pik is the transmit power for Uik and n0 is the noise
power. To ensure SIC operation at the receiver side, the
following constraints on power allocation [14]:
pikh¯
k
i+1 −
∑M
j=i+1
pjkh¯
k
i+1 ≥ θ, i = 1, · · · ,M − 1, (2)
where h¯ki = hik/n0 and θ is the minimum power difference,
which makes the signal to be decoded and the remaining
non-decoded signals distinguishable. In case M = 2, (2)
becomes h¯k2 (p1k − p2k) ≥ θ. In other words, the weaker user
is allocated higher power than the strong user, which is needed
to ensure high performance of NOMA [13].
According to the Lambertian model [15, Eq. (10)], the DC
channel gain of Uik can be calculated as follows:
hik =
Aik
d2ik
R0(ϕik)Ts(φik)g(φik) cos(φik) (3)
for 0 ≤ φik ≤ Φik and hik = 0 otherwise. In (3), Φik is the
field of view (FoV) at Uik, ϕik is the angle of irradiance, φik
is the angle of incidence, Aik is the detection area, dik is the
distance to the aerial LAP, and Ts(φik) is the optical filter
gain. Here, g(φik) is the concentrator gain and is given as
g(φik) =
q2
sin2 Φik
, 0 ≤ φik ≤ Φik, (4)
where q is the refractive index. R0(ϕik) is the radiant intensity
and is given as follows:
R0(ϕik) =
ν + 1
2pi
cosν ϕik (5)
where ν = − ln 2/ ln (cosϕ1/2) with ϕ1/2 being the transmit-
ter semiangle at half power. In this paper, we set ϕ1/2 = 60◦,
i.e., ν = 1.
As VLC has potentials to provide accurate localization
services [16], so in this work we assume that the aerial LAP
knows perfectly the locations of GUs, as it has been considered
in the literature [5], [6]. Denote by h the fixed altitude of the
aerial LAP, and by (xu, yu, h) and (xik, yik, 0) are the coordi-
nates of the aerial LAP and Uik, respectively. The distance dik
can be computed as dik =
√
(xu − xik)2 + (xu − xik)2 + h2.
From Fig. 1, we have cosϕik = cosφik = h/dik, which can
be used to calculate the angles of irradiance and incidence.
B. Problem Formulation
To reduce the complexity of users in performing SIC, we
assume that two users are paired together to form a cluster
and share the same time-frequency resources. Therefore, the
number of clusters K is K = N/2 and M = 2. Denote by K
the set of clusters and byM = {1, 2} the set of users in each
cluster. The general case, where each cluster consists of more
than two users, is straightforward and easy to be extended
from our work. Typically, NOMA users have joint benefit to
form the grand cluster [13], [17], i.e., a cluster of all the users.
However, as aforementioned, the formation of the grand cluster
with a large number of users is not practical owing to the high
decoding complexity at strong users. Therefore, to evaluate
the contribution of each user in a cluster to the total objective
value, each user Uik is assigned a weight as ηik = K ×O−1ik ,
where Oik is the order of Uik. For example, when K = 1,
M = 3, k = 1, we have η11 = 1, η21 = 1/2, and η31 = 1/3.
This is reasonable since a strong user needs to perform more
SIC operations than a weak user, e.g., U21 needs to decode
and remove message transmitted for U11, whereas U11 does
not need to perform SIC since it treats messages for U21 and
U31 as noise.
We consider optimizing the UAV placement, user grouping,
and power allocation in order to maximize the total weighted
sum-rate. For given user grouping, the optimization problem
can be mathematically formulated as follows:
max
{w,p}
K∑
k=1
M∑
i=1
ηik log2
(
1 +
hikpik
n0 +
∑M
j=i+1 hipj
)
(6a)
s.t. pik ≥ 0,∀k ∈ K, i ∈M, (6b)
K∑
k=1
M∑
i=1
pik ≤ Pmax, (6c)
h¯k2 (p1k − p2k) ≥ θ, ∀k ∈ K, (6d)
Rik ≥ Rreqik , ∀k ∈ K, i ∈M, (6e)
x2u + y
2
u ≤ R2, (6f)
where w = {xu, yu}, p = {pi}2i=1, and C = δ−1 min{A,B−
A}, and Pmax denotes the maximal transmit power of the
aerial LAP. Constraint (6d) shows conditions of power allo-
cation for properly performing SIC in NOMA, (6e) imposes
QoS requirements of users with Rreqik being the minimum rate
required by Uik, and (6f) implies that the UAV should be
positioned within a disc with the radius of R. In addition,
power allocation of the aerial LAP should satisfy the following
constraints to maintain the positive intensity of optical signal,
and protect eye safety:
K∑
k=1
M∑
i=1
√
pik ≤ A
δ
,
K∑
k=1
M∑
i=1
√
pik ≤ B −A
δ
. (7)
Here, A is a direct current (DC) offset, δ is a coefficient, whose
value depends on the order of pulse amplitude modulation
(PAM), and B is the peak optical intensity [5], [15].
Considering the structure of (6), there are several challenges
of finding the solution optimally.
• As the sum-rate objective is considered, (6) is a non-
convex NP-hard in general [18]. Moreover, (6) is also a
mixed-integer non-linear programming (MINLP) problem
as both continuous (transmit power and UAV placement)
and binary (user grouping) variables are evolved. As a
result, it is difficult to obtain the optimal solution in
polynomial time.
• Even with given user grouping, (6) is still hard to be
solved. The main reason is that the channel gain hik,
as calculated in (3), is difficult to be convexified and/or
approximated as convex function with respect to dik.
Therefore, existing approaches like the path-following
algorithm in [8] and success convex approximation (SCA)
in [19] are all not applicable.
• Existing studies normally adopt a decomposition method
to decouple the original problem into transmit power and
UAV placement problems, which are then typically solved
approximately and iteratively in an alternative manner. In
contrast, the HHO algorithm considered in our work can
solve the joint problem simultaneously.
In the following section, we will present our proposed algo-
rithm to solve the optimization problem (6).
III. PROPOSED ALGORITHM
As it is difficult to obtain the optimal solution for the
problem (6), we devise an efficient algorithm by decoupling
the original problem into two parts: user grouping, and joint
placement and power allocation. For user clustering, we pro-
pose using an efficient approach, whereas the HHO is utilized
to solve the joint UAV placement and power allocation.
A. User Grouping
For VLC-related services, we can reasonably assume that
the locations of users are given and do not change during
the course of optimization. Intuitively, the aerial LAP should
hover at a place, where it can serve most users with reasonable
channel qualities. Therefore, in order to perform user paring,
the UAV placement is specified as follows:
xˆu =
1
N
∑N
i=1
xi, yˆu =
1
N
∑N
i=1
yi. (8)
Then, the UAV coordinate is (xˆu, yˆu, h).
Given the coordinates of UAV and users, the channel gains
are calculated according to the channel modeling in (3). Based
on the sorted set (in an ascending order) of channel gains, all
the users are divided into two sets: nUsers and fUsers. The
first-order users in nUsers and fUsers are paired with each
other, thus making the first cluster. Then, the second-order
users in these two sets are paired to make the second cluster,
and so on. Finally, the K-th cluster is formed by two strongest
users. In doing so, discrepancy in channel gain between any
two users can remain apparent, so the performance gain of
NOMA over OMA can be achieved [13]. We note that the
main purpose of this work is to show the necessity of user
clustering in UAV-assisted NOMA-VLC systems, and finding
the optimal user paring strategy will be considered in future.
B. HHO for Joint UAV Placement and Power Allocation
1) Overview of HHO: The HHO is one of the most recent
population-based metaheuristics and swarm intelligence tech-
niques, which has become popular and effective in solving
many engineering problems since its proposal in [20]. The
HHO was proposed by Heidari et al. in 2019 and mimics
the cooperative hunting mechanism of Harris Hawks. This
algorithm consists of three phases: exploration, exploitation,
and transition. For exploitation, the HHO considers four
situations, including soft besiege, hard besiege, soft besiege
with progressive rapid dives, and hard besiege with progressive
rapid dives, which are selected based on the escaping energy
and escaping probability of the prey. Due to space limitation,
we invite readers to read the seminal paper in [20] and our
work in [11] for more detail of the HHO. In our previous work
[11], we showed that HHO can effectively solve the problem
of UAV placement and power allocation, and provide very
competitive performance.
2) Joint UAV Placement and Power Allocation: Originally,
the HHO is proposed for solving unconstrained optimization
problems. To solve the joint UAV placement and power allo-
cation, we propose transforming the constrained problem (6)
into an unconstrained one by employing the penalty method.
Let X be the solution vector composed of UAV placement
and power allocation, and define an indicator function H(·),
which H(x) = 1 if x > 0 and H(x) = 0 if x ≤ 0. The
penalty value P (X) can be given as follows:
P (X) =− µ (x1)2H (x1)− µ (x2)2H (x2)
−
K∑
k=1
µ
(
xk3
)2
H
(
xk3
)− M∑
i=1
K∑
k=1
µ
(
xik4
)2
H
(
xik4
)
− µ (x2u + y2u −R2)2H (x2u + y2u −R2) , (9)
where x1 =
M∑
i=1
K∑
k=1
pik−Pmax, x2 =
M∑
i=1
K∑
k=1
√
pik−C, xk3 =
h¯k2 (θ − p1k + p2k) for k ∈ K, and xik4 = Rreqik − Rik for
i ∈ M and k ∈ K. Here, C = δ−1 min{A,B − A} and µ is
a penalty factor. In this paper, we follow the same setting in
[11], where µ = 1014. Then, the fitness F (X) value can be
defined as follows:
F (X) =
K∑
k=1
M∑
i=1
ηik log2
(
1 +
hikpik
n0 +
∑M
j=i+1 hipj
)
+P (X).
(10)
C. Computational Complexity
The computational complexity of the proposed algorithm
includes two parts: one from user grouping and the other
from the HHO for joint UAV placement and power allocation.
The first has a complexity level of O (N/2), whereas the
latter is O (ST (D + E)), with S, T,D,E being the num-
ber of hawks, the maximum number of iterations, solution
dimensionality, and the number of constraints taken into the
penalty term in (9), respectively. Here, we have D = N + 2
as there are N power values corresponding to N users and
2 coordinates of the UAV, and E = K + MK + 3. For
simulation in this work, we set S = 30, T = 350. From
this analysis, the proposed algorithm has the total complexity
of O (N/2 + ST (2N + 5 +K)).
IV. SIMULATION RESULTS
This section shows the performance of the proposed al-
gorithm via simulation. We consider a network setting with
an aerial LAP. N = 20 users are randomly distributed in a
coverage of 10 m × 10 m × 3 m. We set Pmax = 20 mW,
A = 20, B = 30, and n0 = −104 dBm. Further, we set the
bandwidth B = 20 MHz, R = 10 m, the detection area of all
the users is set to be 1 cm2, the optical filter gain is 1.0, and
δ = 3
√
5/5 (for VLC systems with 4-ary PAM). We note that
all the plots below are average over 100 realizations, and in
each realization, the positions of users are randomly created.
For comparison with our proposed algorithm (labeled as
UPUP), we evaluate four schemes as follows.
• OMA (labeled as OMA): the bandwidth is divided into
N equal parts and assigned to N users. In this case, each
user is assigned an orthogonal bandwidth resource, so
there is no interference among users.
• NOMA without pairing (labeled as cNOMA): this scheme
considers only one cluster, which consists of all the
Fig. 2. Convergence of the proposed UPUP algorithm.
users. This scheme is also the algorithm proposed in our
previous work [11].
• Fixed UAV Placement (labeled as fixedP): this scheme
selects a random (w, h), where ‖w‖2 = R2. This point
is then fixed as the coordinate of UAV, and the HHO is
used to solve power allocation only.
• Random user grouping (labeled as rClustering): each
cluster is formed by two users at random. After that, we
employ the same approach as in ours to solve joint UAV
placement and power allocation.
First, we evaluate the convergence of the proposed algorithm
while varying the number of users. From Fig. 2, we can
observe that the algorithm converges to the final solution after
about 350 iterations for all the cases. The figure also shows
the larger the number of users is, the smaller the weighted
sum-rate can be achieved. The reason for this is that the
amount of bandwidth resources allocated to each cluster gets
smaller when the number of users is larger. However, when the
number of users is sufficiently large, the bandwidth for each
cluster becomes almost the same. In this case, the reduction
in the weighted sum-rate becomes smaller. For example, when
N = 4 and N = 8, each cluster has a bandwidth of 10 MHz
and 5 MHz respectively. The deviation is therefore 5 MHz;
however, it is only 0.5 MHz for N = 16 and N = 20.
Second, we evaluate the performance of the proposed UPUP
and alternative algorithm by varying the maximal transmit
power Pmax from 20 mW to 100 mW with a deviation step of
20 mW. Fig. 3 shows that the larger value of Pmax achieves
better performance in terms of weighted sum-rate. The reason
for this is that larger Pmax enables the aerial LAP to allocate
more power to users with good channel conditions when
QoS requirements of all the users are already satisfied. An
interesting observation is that the OMA scheme is superior
to cNOMA for all the Pmax values, which recognizes the
importance of user grouping in improving the performance
Fig. 3. Performance comparison under various Pmax.
Fig. 4. Performance comparison under various fields of view.
of NOMA-VLC systems. The main reason is from the con-
sideration of decoding complexity and grand coalition in the
objective value. It is worth noting that the cNOMA (labeled
as HHOPAP in our work [11]) still outperforms the OMA
scheme when the objective of sum-rate is considered. Another
observation is that even with a random clustering strategy,
rClustering can yield a better utility than OMA, which shows
potentials of NOMA for VLC systems. The figure also shows
that our proposed UPUP algorithm outperforms all the other
algorithms, including cNOMA, rClustering, OMA, and fixedP.
The outperformance of our UPUP algorithm than rClustering
justifies the need for jointly optimizing UAV placement rather
than joint power allocation and user grouping only.
Next, we vary the FoV of users from 40 to 65 degrees, and
compare the performance of the proposed UPUP algorithm
Fig. 5. Performance comparison under various cell radii.
with the other schemes. From Fig. 4, we can observe that the
weighted sum-rate increases when the FoV value decreases,
i.e., FoV of 45o provides higher utility than FoV of 50o
(under the same simulation settings). As shown in (4), the
concentrator gain g(Φik) gets larger when the Φik gets smaller.
As a note, this work can be further improved if users are
equipped with multiple photo-detectors that have different FoV
alignments [1]. It is shown that the proposed UPUP algorithm
outperforms all the alternatives. Again, result justifies the need
for jointly optimizing user grouping, UAV placement, and
power allocation in UAV-assisted NOMA-VLC systems.
Finally, we examine how the weighted sum-rate changes
when the cell radius R varies from 4 to 14 meters. Fig. 5
shows that the weighted sum-rate of all the schemes decreases
with the cell radius. This is because a large R shall increase
the distance between users and the aerial LAP. Clearly, the
proposed algorithm achieves the best performance among
all the schemes. The reason is that the proposed approach
jointly optimizes UAV placement, user grouping, and power
allocation, while the alternatives only optimize a subset of
these parameters.
V. CONCLUSION
This paper has considered a joint problem of UAV place-
ment, user grouping, and power allocation in UAV-assisted
NOMA-VLC systems. As the problem is difficult to be solved
by existing approaches like SCA algorithms, we have used a
simple, yet efficient, scheme for user grouping and leveraged
the HHO metaheuristic to obtain the solution for joint UAV
placement and power allocation. We have conducted simula-
tions to verify that the proposed UPUP algorithm is superior to
various existing and baseline algorithms. In the future, we will
conduct more simulations under various settings, and consider
more sophisticated user grouping schemes to check whether
or not the performance can be improved.
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